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Overview
Aim

To demonstrate with a practical example how the RTX Real-Time Kernel works and how to write
applications based on it. The workshop demonstrates some of RTX’s key benefits:

Ease of Use

Versatility

Small size

Configuration and debug support integrated in the Microcontroller Development Kit (MDK)

Requirements
e RealView MDK v3.15 or higher
The software example used in the workshop was written for a Keil MCBSTM32 Evaluation Board.
The images in this document show the example running in simulation, but customers can also run
it on real hardware.

Note: This demo works with the evaluation version of MDK. When running the evaluation version it
displays a warning message that the maximum code size of the project is limited to 16KByte.

Note: This demo assumes basic knowledge of MDK. The “4-step” demo for MCBSTM32E is a
good starting point for customers using MDK for the first time.

Conventions

@ Box shows actions for demonstrator or user of demo.
Icon represents the button controls to be used.

Set-up
Before running the demo for the first time.

Make a copy of the folder
../Keil/ARM/Boards/Keil/MCBSTM32/RTX_ Traffic
Into a new demo folder
../KeillARM/Boards/Kei/MCBSTM32/Demo
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Project Settings

Open and Clear MDK

Ivﬂ Project > Close Project
[

Open an Example Project

v Project > Open Project...
o A q q ,
n Navigate to ../Keil/ARM/Boards/Keil/MCBSTM32/Demo/Traffic.Uv2
Project Target
v. Select the Simulator project target
H
N Traffic - pVision3 - [C:\Keil\ARM\Boar ds\Keil\AMCBS TM32\DemolRTX_Config.c
@Eile Edit Wew Project Debug Flash Peripherals Tools SWCS  Window Help
8 = Gy
& (1 @ 8 e Dcla % m
Project Warkspace x 158
--#24 simulator 156 wvoid os_idle demon (ve
=5 Startup Code 157 i 'I‘Se 1dEe demon 1
STM32F10x.5 158 A peady to run (id
—I+E3 Initialisation 153 /% should contain a
+ STM3Z_Init.c 160
—.4=3 Confiniratinn a0l £ P L

In the RTX_Traffic example the Simulator target is pre-configured to work with RTX and to run the
code on a simulated STM32 microcontroller.

Target Options

The pVision project must include information about the operating system used by the application, so
that the source code is linked with the RTOS libraries. This is specified in the ‘Options for Target’
dialog.

ﬁ‘\ Click ‘Options for Target’ button
Click on the ‘Target’ Tab

-
Options for Target ‘Simulator®

Device Target | Dutput | Listing | User | C/Cer | Asm | Linker | Debug | Utiites |

5TMicroelectronics STM32F103RE
Code Generation

wtal [MHz): (8.0
Dperating syem: ‘HTX Kemel j [ Use Crozs-Module Optimization
¥ Use MicroLIB

Fiead/Only Memony Areas FieadMw/ite Memom Areas

default  off-chip Start Size Startup default  off-chip Start Size Molnit
™ ROMI: . I~ RA&MI: r
roemz [ [ ¢ r o oRaMz [ r
i t: - I s roReM3 | r

oh-chip ah-chip

il

%  IROM1: |0<B000000  [0xz20000 & % [Rap 020000000 0000 '
I~ IROMZ [ roReMz [ F

(1]:4 | Cancel | Defaults | Help
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RTX Traffic Example

RTX_Traffic Abstract

The file Abstract.txt describes the basic functionality of the RTX_Traffic example

icon to open it.

=

[g]ﬁle Edit Wew Project Debug Flash Peripherals Tools SYCS  Window Help

==

By @

W Traffic - p¥ision3 - [C:Keill\ARM\Boards\KeilMMCBS TM 3 2\DemoMbstract. txt]

pr G - 44|

=l=|x|

i Lon
Froject Workspace
= ,;—] Simulator

I= 25 Startup Code

- [#] STM32F10x.5

£ Initialisation
- [F] STM3Z_Init ¢
1= 2§ Configuration
[#] RTH_Corfig.c

LCD_ahit.c
Serial.c
Getline.c
Traffic.c

Abstract.txt

b ,§<|Simulatm

v e amEoers

aE =

X Traffic is a program that controls & traffic light.

The traffic light is timed and lets cars pass during a
specific time period. There is a pedestrial crossing
button (33) that lets pedestrians cross. The lights

are connected to Port B. ¥You can see this in action using
uVision Debugger.

There are several things of interest here:

* This program uses RTEZ Kernel. Program initiaslization
and operation code are in Traffic. Look for the
init task to see where everything starts.

* Zerial I/f0 is interrupt and event driven. Look at
Serial.c for the complete, encapsulated module.

The Traffic program is available in different targets:
Simulator: - configured for software Simulator
MCESTM3Z: - runs from Internal Flash located on chip

[{used for production or target debugging)

TZART1 settings: 11520E1 baud, & data bits, no parity, 1 stop bit

| Ll 2
| . W@ | | B RTX_Corfigc Getline. ¢ Traffic.c Abstract bt
Simulation Li1

RTX_Traffic Source Files

The following source files include code to configure and make use of the RTX functionality.

. Double click on its

RTX_Config.c is part of RTX. It allows you to configure parameters such as maximum number of
concurrent tasks, stack size for each task, period of system timer and type of scheduling. All these

options can be selected in

MDK with a Configuration Wizard.

Expandall | Colapsesil | Help
Option Yalue
=|- Task Definitions

Mumber of concurrent running asks 7
Mumber of tasks with user-provided stack 1
Task stack size [bytes] 200
Check For the stack overflow v
Run in privileged mode I~
Mumber of user timers a
= SysTick Timer Configuration
Timer clock value [Hz] 72000000
Timer tick value [us] 10000
=B Found-Robin Ta [v
Found-Robin Timeout [ticks] 5
Text Editar .\v\'l:onﬁguration Wizard l.-'r

Traffic.c contains the code for the application. This code is based on tasks, which are scheduled by

RTX.
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The following source files are required for both bare metal and RTOS-based applications.

STM32F10x.s is the microcontroller start-up code, containing the exception vector table and reset
handler.

STM32_Init.c is the microcontroller initialization code, which configures the memory and peripherals.

Retarget.c contains functions to retarget the C library. This file contains custom implementations of
functions such as fputc(), so that printf() calls are directed to a serial communications port (UART).

LCD_4bit.c and Serial.c provide code to control the character LCD and the UART.

Getline.c includes a function to decode messages received via the UART.

v_\ Take 5 minutes to familiarize yourself with the code

RTX_Traffic Operation

RTX_Traffic is representative of a real embedded system, in which a single controller can do a
number of operations in parallel. Each of these operations needs to respond to external signals in a
timely fashion.

The code on Traffic.c is split into tasks, which are executed concurrently. Each of these tasks handles
one operation. You can see when a function is a task because of the way it is declared:

void init (void) __task { ...}

Customers interfacing a real-time system get the impression that all the tasks are running at the same
time, but in reality the processor can only execute instructions from one task at a given point in time.
The “trick” is done by the RTX kernel.

Every “timer tick” the system timer generates an interrupt and gives the control to RTX. RTX uses the
timer tick to allocate time slots to different tasks. The timer tick is defined in RTX_Config.c and is
10,000us in the case of RTX_Traffic.

TASK1 TASK2 TASK1
RTX RTX

Processor time
| -

»

Because RTX allocates time to each task several times per second, they can respond to external
events in a timely fashion. This way the system seems to do several operations at the same time.
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RTX_Traffic Tasks

RTX_Traffic has up to 7 tasks executing in parallel.

v.\ Locate the code for each task in Traffic.c and match it with the description below

void clock (void)  task {}

clock() is launched by RTX every second. It updates a clock variable and returns.
By using RTX users do not need to configure the timers to generate an interrupt every second and do
not have to modify the interrupt service routing to handle it.

void blinking (void)  task {}
void lights (void)  task {}
void Icd (void)  task {}

blinking() implements “emergency traffic lights”. lights() implement “working traffic lights”. lcd() drives
the MCBSTMB32E character LCD.

The three tasks have the same requirement: to periodically update an output peripheral. In order to
make the system efficient the peripheral is only updated when necessary. This is done easily with RTX
thanks to the os_dly wait() function, which implements a fixed delay between the instructions to set
and clear individual traffic lights and to update the status of the LCD.

void get escape (void)  task {}
void keyread (void)  task {}

get_escape() is periodically launched by RTX to check if an ESC command is received form the
UART. Similarly keyread() is launched by RTX to check periodically the pedestrian push button.

By using RTX the peripheral is polled instead of using an interrupt. This has two advantages:
e It helps reduce the size of the interrupt handler and therefore make the system more
responsive to external events
e The frequency at which the peripheral is polled is easily configured. This way the system
responds to external signals “only” as fast as necessary, without wasting processor time

void command (void)  task {}

command() communicates with the user via the UART. In essence this task is similar to keyread(), as
it periodically polls the UART for new commands and then decodes them. The main difference is that
command() does not “go to sleep” by using the os_dly_wait () function, but it tries to run as often as
possible. This makes it the most responsive task in the system.

Build RTX_Traffic and Launch Simulation

Build Project using ‘Build Target’ button.

The example project builds with no errors and warnings.

@ Launch the simulator using ‘Start/Stop Debug Session’ button’
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Task Initialization and Scheduling

Task Initialization

Since Traffic.c is structured in tasks, the main() function is only used to run the initialization code and
launch RTX.

int main (void) {
stm32_Init ();
os_sys_init (init); }

After booting, RTX launches the task init. This task launches all the other tasks and then stops.

void init (void) _ task {
t clock = os_tsk_create (clock, 0);
t led =os_tsk_create (Icd, 0);

t command = os_tsk_create_user (command,0,&cmd_stack,sizeof(cmd_stack));
t lights = os_tsk_create (lights, 0);

t keyread = os_tsk_create (keyread,0);

os_tsk_delete_self (); }

The following diagram shows how the different functions are executed in time.

Reset handler __main() main()
Defined at C library stm32_1Init() RTX Kernel
STM32F10x.s initialisation 0s_sys_init()
Task init
Task clock
Task lcd

Task command

Task lights

Task keyread

Processor time
| -

»

@ Open Traffic.c
@ Double click on the left of the first line of the tasks to set a breakpoint
Do this for tasks init, clock, lcd, command, lights and keyread
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7 Traffic - pVision3 - [C:WKeil\ARM\Boar ds\Kei\MCBS T 32\Demo\Traffic.c
)

@Eile Edit Wew Project Debug Flash Peripherals Tools SYCS ‘window Help
B=Ea & v A

e @BRoems

- <] o]

o EO®™T Ry 9o [QEv[sEe 8@
Project Workspace <= |- j
E-E3 Retarget » 096 #® Task 1 Timit': Initialize
[ [#] Retarget.c 097 #,
3 Source 098 Jvoid init (wvoid) _ task |{
[ [#] LCD_4bit.c
B Serial.c t clock = 03 tsk create (c ko . K
e} B Getline.c 101 t_led = o0s_tsk_create (led, 0): S# start task lecd _]
* [ 4] Traffic.c 102 S# start command task
=5 Documentation 103 t_command = o0f_tsSk create user (comwmand, O, scmd Stack, sizeof (o
:j Abstract,bxt 104 t_lights = o3 _tsk create (lights, 0); /* start lights task
L 22| 108 t_keyread = og_tsk create (keyread,0): /+* start kevread task
2| E. UJIB Wir | By 106 os_tsk delete_self (): F* step imit task (mo
107 13
Smbor Sl e
g
Mask: [ Casze Sensitive 10 N Task 3 'eleck'
Mame | Address| Tupe I; 1 *7 5
Q@) Srmuletor VTREG | I”ZE‘”’“’ Goonk il Sresk 5 i
+ P53 Peiipheral SFR — 113 D:T::I._t.v_?et. { 1 /* set wa:ft interval: 1
= B Teefiic pplic 114 mhL L (1 4 /% clock is an endless Jo:_]
. 3 * 115 if (++ctime.sec == 601 | £#% palonlake the sannnd
1#(7] Runtime Libr... . J i
# D Getline Module —
# [a] HAL CM3 Modue | | B]RT#_Corfig.c Traffic.c |[B Disassembly | &f UART 1
= N <] 1% Name [Value |
‘|Lcp_pisplay () b !
3 |
Eil >
E L ;
‘g' AS3IGHN EBreakDisshle BreakEnshle - 5 - Jg:
2l £l 5ol
ST DT Baie hcommand A A[«[] o[ |2[ETET T Memory #1 {wveme | 2 [T 0P\ Locals 4 wath#L J, watch #2
Simulation £1; 000082975 sec

Run Program

Repeat until simulation does not stop at a breakpoint

You can follow the sequence in which tasks are launched as they stop in the different breakpoints.
This sequence is init 2 clock 2 lcd > command - lights > keyread.

After exiting the breakpoint each task goes into an infinite loop, implemented with a while (1) or for(;;)

instruction:

void my_task (void) _ task {
// Instructions that set up the task
while (1) {

// Instructions that are executed all over again
// Optional RTX call to request “wake-up time”

}

Halt Program

The chances are that the execution stops inside the os_idle_demon() task. This default task is part of

RTX and runs if all the user tasks are sleeping.
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2eEHE & BR@E
B &

@[] @ w

i

SRS ™ T » i '
Project Workspace - x 156 j
S e = 5
[ [#] RT¥_Config.c -~ 156 void os_idle_demon (veid) _ task {
5 l’l_etarget 157 #* The idle demon is 2 system task. It is running when no other te
1 [#] Retarget.c 159 /% ready to run (idle situstion). It must not terminate. Therefore
Source 159 A% should contain at least an endless loop.
- [#] LCD_4bit.c 160
[+ Serial.c 151 for
- [ 4] Getline.c 162 /% HERE: include optional user code to be executed when no task re
) Traffic.e 163 ¥
=G5 Eocumentat\on 184 } /% end of os_idle demon */
[ Abstrack.bxt bl 165
EVEL T T 166
167 /= os_tme_ call
Symhbals - x 168
m 168 wvoid o3 twmr call (U16 info)
[ Case Sensi T
Mack: g 170 #* This Ffunction iz called when the user timer has expired.
Name |Addless| Tppe ji 171 A#* Parameter "info' is the parameter defined when the timsr was o
+ () Simulator YTREG | 172 £#% HERE: include here optional user code to be executed on timeout
+ P54 Peripheral SFR e 173 ﬂ
o B Tiaffic Applic = |
g RuntineLib. TextEditur/{ Configuration Wizard /
4[] Beline Module MERLTUINOE /e e
+-[=] HAL_CM3 Module | | EIRTX Configo B  Traffice | Disassembly |&f  UART #1
il d = Address{ 'L || Name Value
*|LeD_Displayi) i 1
8| .
< | ASSIGN BreakDisahle BreakEnable i | &
i 3 = - =
| » [\ Buid } Command [ » g M\ Memory #1 4 Memary < »[» |\ Locals & Watch £1 J wakch #2
j Aad R 1 oInhivane =I5 Lk CIEMONY: | SACHDEY EjAnd B ) st o A A0
Simulation [1; 290479671 sec

Task Scheduling

This section explores how RTX calls different tasks periodically.

%

Kill all Breakpoints

)

Set a Breakpoint in the first instruction after while(1) of tasks clock() and keyread()

BEREaE ¥ B o
R BB
Praject Workspace Tx ol - TR ST j
=& Simulator ~ 111 = i
=& Startup Cods 112-void clock (veid] _ task {
- [# sTM3zF10x.s 113 os_itv_set (100); S# set wait interval: 1 second 4
=2y Initislisation 114 while (1) { A* clock is an endless loop o
i [ 5TM3Z_Init.c 115 /
= Configuration 116 ctime.sec = O
RT¥_Config.c =3 117 if [++ctime.min == 60) { A% calculate the minute bl
Retarget 118 ctime.min = O; I
- [#] Retarget.c 118 if (++ctime.hour == Z4) { A% palculate the hour L7
Source 120 ctime.hour = O;
L. [# LD 4bitc s | 121 ¥
.. [*r. S 122 ¥
123 ¥
Ers — |z if [display_time) { A# F command status == display tims  #/
125 o5_evt_set (0x0001,t_command); < 1 to task 1234 23 d
Wae || I Casmsemiie I | i sigmal to task command time change
Mame |AddressJ Tope Li 127 o5_itwv_wait (): A% wait interval (already set to is ) #/
% T SmuatorVTREG Eg ; }
P54 Peripheral SFR =l &L
=B Trafc Applic... .
E(E Auntime Libr. 130« B S B Sesuek pod g WEGAGS W sheiea e i |
[ Getline Module |
+ D HAL_CM3 Madule
+ [a] LCD_dbit Modus | | E)RT# Confige Tiaffic.e | Disassembly | UART #1
x =[x sdcress A1 (= Wame Valus [
‘|Lco_pisplayi) i
3
g >
= |ASSIGN BreakDisasble BreakEnsble = = |5
= - | e
2 [T+, Buld ), Command /4 A4 3 [T T THMemory #1 ji memory#2 3, | 2] <] »]M]\Locals £ Watch#1 J, watch#2 }, callst
simulation t:2.80479671 sec L1115 Cil
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Run Program
Repeat as program stops at the breakpoints

You can see that RTX executes the task keyread() 20 times for each single execution of clock().

The reason is that clock() runs every 100 system ticks...

Traffic.c: line 113 os_itv_set (100); /* set wait interval: 1 second */

...while keyread() runs every 5 system ticks.

Traffic.c: line 314 os_dly wait (5); /* wait for timeout: 5 ticks */

@ Kill all Breakpoints

10
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Analyzing the Code with yVision Debugger

This section shows how RTX is integrated in pyVision Debugger.

Kill all Breakpoints

%

Run Program

Peripheral Window

The Peripheral Window allows you to monitor the microcontroller GPIO, which are connected to

outputs like the traffic lights (for cars) and a walk light (for pedestrians).

From Traffic.c: line 56 General Purpose 1/0 B (GPIOB) X
[Pin | CNF |
Analog [nput
FE.1 Analog Input
FB.2 Analag [nput
FB.3 Analog Input
FB.4 Analog Input
FE.5 Analog Input
FE.6 Analog Input
FB.7 Analog [nput v
Selected Part Pin Configuration
Traffic lights MODE: [0 Input “v| ©NF: [0 nalog Input =l
#dofine red _ 0x000100 e o ——
#define yellow 0x000200 =ERH =qAL-| 000000000
#define green 0x000400 GFIOB : .
15 Bitz g 7 Bitz 1]
o GPIDB_IDA: [0<00001100 T T I
Pedestrian lights GPIDE_ODF: 00001100 | [Tl T [T T T T 1T
) GPIOB_LCKR: [0+00000000 [~ [T T T T I T I T T T T
#define stop  0x001000 e (TAIIY o
#define walk  0x002000 I TPy rrrrrr e
Settingz |Elock Enabled

Toolbox

The file Traffic.ini contains a debugger script to open a Toolbox in simulation.

L3

-

Narme : Traffic.ini
Purpose: Functions used for simulating peripherals

Version: V1.01

Update windows

1 Push for 'walk

This file is part of the uWision/ARM development tools.

of & walid, current,
end user licence from KEIL for a compatible wersion of KEIL software
dewelopment tools.

ftware may only he used under the terms

ERE Y + K

Copyright (o) Z005-2008 Keil Z3oftware. All rights reserved.

Nothing else gives you the right to use this software.

AS3IGN EBreaklisable BreakEnahle

Cutput Window

Sirnulation

Use the “Push for Walk” button in the Toolbox to simulate a pedestrian wanting to cross. Watch the

effect on the traffic lights in the Peripheral Window.

11
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UART Window

Click on the UART #1 tab to communicate with the command() task.

k2 Traific - p¥ision3 - [UART #1]
Q’Eile Edit Yiew Project Debug Flash Peripherals Tools SWCS Window  Help — | & X
A= | - [s4]

o ELO WP v 8| 0e BmE%

I‘jro'j'é Wérksﬁacé - x

[ 523 Simulator 4| [H#*#+ TRAFFIC LIGHT CONTROLLER using EVCT and RTE kernel *####%4
=42y Startup Code | This program is & simple Traffic Light Controller. Between |
i - ’_\ﬂ STM3IZFL0:.s | start time and end time the system controls a traffic light |
=24 Initialisation | with pedestrian self-service. oOutside of this time range |
i [ ’_\ﬂ STM32_Init.c | the wellow caution lamp is blinking. |
= 5 Configuration |+ command -+ syntax —---—-— + function
- @ [#] RTE_Config.c | Display | D | display times |
= =5 Retarget | Time | T hhimm:ss | set clock time |
EIC @Retarget.c - | Start | 3 hhimm:ss | set start time |
= £ Source | End | E hhimm:ss | set end tcime |
- [F] LCD_dbit.c } }

1] Serial.c |

A |

Lol — |/Commmmnd:
(e | *3r. &y

Symbols . x
Mask: "‘7 I Case Sersitive
MHame | Addlessl Type L‘_

Gl Simulator YTREG
+ P Peripheral 5FR
= B Traffic Applic... =

# (77 Runtime Libr

# [l Getline Module

# Hal_Ch3 Module

# [ LCD_dbit Module

# [.] Retarget Module | | BIRT Corfigel B Traffice [ & Disass@hly = UsRT #1 >

=[] »]M] Buld A Command j F|4 ] = =[] [ r]M]Locals j watch
“ 2 4

Simulation E1; 420961992 -

RTX Kernel Analysis Window

Peripherals > RTX Ker

)

nel

The Active Tasks tab shows information on the status of the tasks and its stack usage.

r

RTX Kernel

Active Tasks ] System | Event iewer |

X

TID | Task Name Pricrity | State Delay | Ewventalue | Event Mazk | Stack Load
2 clock 1 WAIT_ITY 25 0%
3 led 1 WwWaIT_DLY 190 0%
4 command 1 wWislT_OR 00000 0x0100 19%
5 lights 1 WwWsIT_DLY 125 0%
B kewead 1 WwWisIT_DLY 5 0%
285 pz_dle_demon 0 RUMMING 0z

The System tab shows the RTX configuration and number of active and available tasks.

The Event Viewer tab shows the task execution in a time line. For example, by focusing the window on
the start of the execution you can see when the different tasks are initialized.

12
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RTX Kernel E
Active Tasks] Systern  Event Wiewer l
in Time: b ax Time: Fange: Girid: Zonn:
0854458 me | BO.00888 < | 20.00000 ms 1.000000ms {3 Out| Al Sel| V¥ Runring
init '
clock |
led —
cammatd
lightz
kewread 1
Idle
Jrr R
00s 0.010000 ¢ 0.020000 ¢
< >

Use all the resources provided by pVision Debugger to analyze the execution of RTX_Traffic.

Congratulations!

You have completed the RTX Real-Time Kernel Demonstration.
If you want to do some follow-up exercises, try the following:

Change the timer tick to 5,000us
e Whatis the effect on the program execution?
e What problems have appeared?
e What needs to be changed in the code to fix those problems?

Create a task that runs from the start and toggles a GPIO every 2s
e Can you see it in the RTX Event Viewer?

Connect with ULINK2 to an MCBSTMS32E board and run the demo on real hardware
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